GM3, restored the rate of wound healing in CFTR-shRNA cells (4) .
Gangliosides, including GM1, contribute to the microdomains and lipid rafts that help cluster ␤ 1 -integrin in the membrane (4) . This clustering is critical for distal signaling steps, including the recruitment and activation of FAK and its subsequent recruitment of CAS and microfilaments, which are necessary for lamellipodial extension and wound healing. In the absence of CFTR in Calu-3 cells, while there is no change in the amount of ␤ 1 -integrin, these proteins fail to be activated and do not appear to cluster in microdomains (Fig. 1A) . Refurbishing GM1 is sufficient to "restore" ␤ 1 -integrin clustering into microdomains and appears to be sufficient to restore the activation of FAK and CAS (4) . An emerging picture of wound healing in airway cells is as follows: the cells move as a sheet with ␤ 1 -integrins and actin being essential, and CFTR activity promotes migration by ensuring adequate GM1 levels, and by alterations in ionic balance (osmotic, membrane potential, alkalinization) at the lamellipodia (Fig. 1B) (4, 5, 7, 8) .
Like all good science, these studies generate more questions. Clearly, the restitution of wound healing by restoring GM1 gangliosides to control levels is not 100%. Why does refurbishment of GM1 not fully recover the wound healing response? While GM3 had no effect, are there other gangliosides or membrane lipids needed for complete restitution? If so, is it through similar or different mechanisms? Are the decreases in lamellipodia (7) in CFTR-silenced cells due to the lack of GM1 alone? Most likely the CFTR-dependent decrease in GM1 is due to alterations in pH in various intracellular compartments, resulting in a 20% increase in degradation (lysosomes) and a decrease in the terminal sialylation (Golgi and endosomal vesicles) in GM1 synthesis, while the early steps of GM1 biosynthesis are not affected (Fig. 1A) . The remaining 40% of GM1 in CFTR-depleted cells is insufficient, raising the question of whether there is compartmentalization of GM1. It is nevertheless apparent that wound healing involves CFTR regulation of GM1 ganglioside levels.
It is important to recognize that CFTR plays a modulatory role, since in the absence of CFTR activity and protein, wound closure occurs, albeit requiring three times as long to achieve. What are the salvage pathways that allow this to occur and are they a potential therapeutic site for augmenting wound healing? While CFTR inh -172 studies suggest that CFTR activity is essential, it is not clear whether the entire wound healing response is dependent on CFTR function. Aside from its activity, CFTR also serves as a docking protein in different intracellular compartments, inviting protein-protein interactions with a variety of signaling molecules, such as SNAREs (9) . In addition to GM1, does the absence of CFTR prevent proper trafficking of other proteins involved in wound healing to their target membrane destination? , there is a decrease in membrane GM1 ganglioside (blue triangle doublets) and a decrease in activated ␤1-integrin and its downstream signaling cascade of FAK, CAS, and actin. Low GM1 levels may be due to a decrease in terminal glycosylation (single triangles) and/or an increase in GM1 degradation in lysosomes. In the absence of CFTR, the trafficking of vesicles may be impaired by undocked SNARE proteins (yellow arcs). B: CFTR-replete cell. The cells respond by lamellipodial extensions, and GM1 gangliosides activate ␤1-integrin signaling with an increase in phosphorylation of FAK, CAS, and recruitment of actin. CFTR activity alters pH in intracellular compartments and contributes to wound-induced changes in plasma membrane potential. In the presence of CFTR, trafficking of vesicles with properly docked SNARE proteins occurs (yellow stars). Does CFTR play a similar role in wound healing in other exocrine tissues, in particular the intestine? The intestine is subject to daily assault of its luminal surface, and many mechanisms help cope with this including its tightly programmed 4 -5 day epithelial turnover along the crypt-villus axis, resulting in villus tip enterocyte extrusion (1). Finally, is there a physiological advantage to a depletion of GM1 in the intestine? After all, GM1 is the receptor for cholera toxin (10) and there have been conflicting reports that CF may protect from susceptibility to cholera (2, 3) . Is part of this protection a decrease in the receptor that recognizes the toxin?
There are other cellular processes that will probably "gang" up with CFTR in wound healing. Perhaps it is time we coined "CFTRome" to underscore the multiple influences of this protein.
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